The effects of unsaturated fatty acids on membrane properties were studied using 19 conventional whole-cell patch-clamp recording of isolated wing (Ib) cells in frog taste 20 discs. Applying arachidonic acid to the bath induced monophasic inward currents in 21
60% of wing cells and biphasic inward and outward currents in the other cells. 22
Intracellular dialysis of arachidonic acid did not induce an inward current; however, it 23 enhanced a slowly developing Ba 2+ -sensitive outward current. The effects of various 24 unsaturated fatty acids were explored under the condition of Cs + internal solution. 25
Linoleic and α-linolenic acids induced large inward currents. Oleic, eicosapentaenoic, 26 and docosahexaenoic acids elicited the same inward currents as those of arachidonic 27 acid. Wing cells, under the basal condition with Cs + internal solution, displayed a small 28 inward current of -1.1 ± 0.1 pA/pF at -50 mV (n=40), in which the peak existed at a 29 membrane potential of -49 mV. Removing external Ca 2+ further increased the inward 30 current by -2.9 ± 0.3 pA/pF at -50 mV (n=4) from the basal current and the peak was 31 located at -55 mV. External linoleic acid (50 μM) also induced a similar inward current 32 of -5.6 ± 0.6 pA/pF at -50 mV (n=19) from the basal current and the peak was located at 33 -61 mV. External Ca 2+ -free saline and linoleic acid induced similar current/voltage (I/V) 34 relationships elicited by a ramp voltage as well as voltage steps. Linoleic acid-induced 35 currents were not influenced by replacing internal EGTA with BAPTA, whereas inward 36 currents disappeared under the elimination of external Na + and addition of flufenamic 37 acid. These results suggest that dietary unsaturated fatty acids may depolarize wing (Ib) 38 cells, which affects the excitability of these cells. The basal properties of wing (Ib) cells in frog taste discs were previously reported 158 (Okada et al., 2001) . Briefly, under standard K + internal solution, frog wing cells 159 displayed a resting potential of -46.7 ± 1.9 mV (n=20), input resistance of 4.6 ± 0.4 GΩ 160 (n=20), and membrane capacitance of 13.6 ± 0.4 pF (n=20 When 10 μM arachidonic acid was added to the external solution, the wing cells 167 displayed the appearance of a small inward current of -1.5 ± 0.2 pA/pF from a basal 168 current of -0.2 ± 0.1 pA/pF at -50 mV, n=4) at the negative membrane potential and a 169 decrease in the outward current (from 8.1 ± 1.6 pA/pF at +50 mV to 6.8 ± 0.8 pA/pF at 170 +50 mV, P > 0.05, n=4) at the positive membrane potential. After washout, the current 171 level returned to -0.2 ± 0.1 pA/pF at -50 mV and 10.7 ± 3.2 pA/pF at +50 mV (n=4). 172
The higher concentration of arachidonic acid (50 μM) induced a marked increase in the 173 inward current (Fig. 1 ) at the negative membrane potential. The peak of the arachidonic 174 acid-induced current (-3.2 ± 0.4 pA/pF at -50 mV from the basal current of -0.4 ± 0.2 175 pA/pF at -50 mV, n=10) was observed in the membrane potential between -50 and -60 176 mV. Six of 10 wing cells displayed inward currents only (Fig. 1A, B) , while the other 177 four cells showed the reverse from an inward to outward current at -50 mV (Fig. 1C, D) . 178
The rod cells displayed an initial decrease and transient increase in the outward current 179 and the final appearance of the inward current at -50 mV in response to external 50 μM 180 arachidonic acid (n=4). This complicated property in the rod cells was not analyzed 181
further. 182
We considered that the late outward component of the biphasic type may be due to 183 the effect of internal arachidonic acid entering through the membrane. When 184 arachidonic acid (50 μM) was dialyzed into the wing cells, it induced a slowly 185 9 developing outward current ( Fig. 2A ). The outward current at +50 mV increased from 186 5.1 ± 1.6 pA/pF to 18.7 ± 2.0 pA/pF (P < 0.05, n=3) and was markedly inhibited by 187 external 5 mM Ba 2+ (Fig. 2B) . Internal arachidonic acid never elicited an inward current 188 in the wing cells. Internal 50 μM ETYA (a non-metabolizable analog of arachidonic 189 acid) also enhanced the outward current (Fig. 2C) , while internal linoleic acid had no 190 effect (Fig. 2D) . The effects of various fatty acids were explored under the condition in which 193 outward K + currents were eliminated by replacing internal K + with Cs + (Fig. 3A, B) . induced an inward current of -2.9 ± 0.3 pA/pF at -50 mV (n=4) from a basal current of 205 -1.1 ± 0.1 pA/pF at -50 mV (n=4) (Fig. 4C) . The peak of the inward current was located 206 at -55 mV (Fig. 4C) and V 1/2 was -69 mV (Fig. 4D) . External linoleic acid (50 μM) 207 elicited an inward current of -5.6 ± 0.6 pA/pF at -50 mV (n=19) from a basal current of 208 -1.2 ± 0.1 pA/pF at -50 mV (n=19) in Cs + internal solution. The peak of the inward 209 current was located at -61 mV (Fig. 4E ) and the V 1/2 was -77 mV (Fig. 4F) . The linoleic 210 acid-induced inward current reversed at a membrane potential of +0.7 ± 0.5 mV (n=19). 211
The biophysical properties of external Ca 2+ -free-and linoleic acid-induced currents 212
were analyzed by voltage steps between -105 mV and +95 mV for 400 ms from a 213 holding potential of -85 mV. Wing (Ib) cells displayed transient inward currents 214 (TTX-sensitive, voltage-gated Na + currents) and then small sustained currents in 215 response to depolarizing steps in normal saline solution (Fig. 5A, B) . When external 216 Ca 2+ was removed, almost instantaneous and sustained current appeared in response to 217 the depolarizing steps (n=3) (Fig. 5B) . I-V relationships by voltage steps were similar to 218 those by the ramp voltage (Fig. 5C ). Linoleic acid-induced current also displayed 219 similar characteristics in I-V relationships by voltage steps (Fig. 5E, F) . During 220 Ca 2+ -free-induced and linoleic acid-induced responses, the voltage step to -105 mV 221 from a holding potential of -85 mV induced an apparent sustained outward current, 222 which was actually a decrease in the sustained inward current (Fig. 5C, F) . The 223 voltage-gated Na + current at -25 mV from a holding potential of -85 mV decreased from 224 -63.9 ± 5.8 pA/pF to -22.8 ± 8.6 pA/pF (P < 0.05, n=4) in response to external Ca 2+ -free 225 saline solution (Fig. 5A, B) . Linoleic acid (50 μM) also decreased the Na + current from 226 -51.4 ± 6.5 pA/pF to -14.7 ± 6.3 pA/pF (P < 0.05, n=3) (Fig. 5D, E) . 227
Linoleic acid also elicited an inward current of -5.6 ± 1.1 pA/pF at -50 mV (n=3) 228 from a basal current of -0.3 ± 0.1 pA/pF at -50 mV (n=3) under the condition in which 229 internal 1 mM EGTA was replaced with 10 mM BAPTA, which suggested that the 230 change in internal Ca 2+ concentrations may not be concerned with inward currents. On 231 the other hand, linoleic acid-induced inward currents disappeared under the condition in 232 which external Na + was replaced with NMDG + (n=5) (Fig. 6A, B) . Flufenamic acid (a 233 non-selective blocker of cationic channels, 100 μM) markedly inhibited inward currents 234 (n=3) (Fig. 6C, D) . 235
Flufenamic acid was shown to markedly inhibit connexin hemichannels, whereas 236 carbenoxolone inhibited pannexin hemichannels (Bruzzone et al., 2005) . Interestingly, 237 carbenoxolone (50 μM) also elicited an inward current of -3.3 ± 0.5 pA/pF at -50 mV 238 (n=6) from a basal current of -1.0 ± 0.1 pA/pF at -50 mV (n=6). 239 240
Discussion 241
The present results showed that wing (Ib) cells in frog taste discs could respond to 242 various unsaturated fatty acids, resulting in conductance increase. Fatty acids induced 243 two different effects; activation of an inward current from the outside of the cell 244 membrane and activation of an outward current from the inside. 245
Comparison of the responses to unsaturated fatty acids with other cell types 246
Arachidonic acid, a typical polyunsaturated fatty acid, has various actions on living 247 cells (Meves, 2008) . In most cells, it inhibits outward K + currents. In the present study, 248 external 10 μM arachidonic acid inhibited outward currents at +50 mV by 15%. Higher 249 concentrations of this fatty acid may more markedly inhibit the outward current; 250 however, inhibition was blurred by the subsequent activation of another conductance. 251
Alternatively, intracellular perfusion of arachidonic acid from the patch pipette 252 enhanced the outward K + current only in wing (Ib) cells. This effect was specific to 253 arachidonic acid, although linoleic acid also had a similar effect on the mammalian two 254 pore domain K + channel (Fink et al., 1998) . The enhancing effect on the outward current 255 cannot be due to its metabolite, since ETYA (a non-metabolizable analog of arachidonic 256 acid and inhibitor of its metabolism) also enhanced the outward current. 257 
